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1.0 Introduction 

1.1. Scope   
This strategy is applicable to correcting an observed drift in some of the conductivity and 
salinity measurements collected by the Global Wire Following Profilers located at the Global 
Irminger Sea Array, Global Station Papa Array, Global Argentine Basin Array, and Global 
Southern Ocean Array. The conductivity/salinity drift applies only to certain deployments and 
principally to Lower-Wire-Following Profilers (at the Papa, Argentine, and Southern Ocean 
Arrays). Data should be examined first by the user to determine if the correction is needed 
before applying the methods in this document. 

1.2. Purpose 
There is an offset in the observed conductivity and salinity which occurs at the start of some of 
the deployments of Global Wire Following Profilers (GWFP). This offset decays over time in 
an exponential fashion and is observed across arrays, profilers, and deployments but with no 
predictability. This document covers the likely source of the offset, how to estimate when the 
offset is no longer significant, and how to correct the measured conductivity and salinity to 
reconstruct a reasonable “corrected” time series of conductivity/salinity for further analysis. 
 

2.0 Reference Documents 
Table 2-1 Reference Documents 

Document Identification/Location Document Title 
https://www.seabird.com/application-notes Sea-Bird Application Note 97 
https://www.seabird.com/application-notes Sea-Bird Application Note 31 
https://github.com/WHOIGit/ooicgsn-data-

tools/blob/master/WFP_Salinity_Drift/Example.ipynb Jupyter Notebook 

 

3.0 Definitions & Acronyms 
CGSN  Coastal & Global Scale Nodes 
GWFP  Global Wire Following Profiler 
TBT  Tributytl Tin (antifouling agent) 

 

4.0 Global Wire Following Profiler Salinity Drift  

4.1. Introduction 

4.1.1. Description of the Issue 
There is an offset in the observed conductivity and salinity which occurs at the start of some of 
the deployments of Global Wire Following Profilers (GWFP). This offset decays over time in 
an exponential fashion until it converges with the expected seawater conductivity as 
measured by the sensor absent any interference. The offset is observed across arrays, 
profilers, and deployments (Figure 4-1). However, its occurrence is not predictable: for 
example, it occurs on the third deployment of lower GWFP of the Global Southern Ocean 
Profiler Mooring, but not on the two preceding deployments (Figure 4-2). This offset also 
impacts the computed oxygen concentration [𝜇mol/kg] from the GWFP, but not the base molar 
concentration of oxygen [𝜇mol/L]. 
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Figure 4-1 – Conductivity drift in the Global Wire Following Profilers from Deployment 5 of the 

Global Station Papa Lower GWFP, Deployment 5 of the Global Irminger Sea GWFP , Deployment 
3 of the Global Southern Ocean Lower GWFP, and Deployment 3 of the Global Argentine Basin 

Lower GWFP. 
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Figure 4-2 – Global Southern Ocean Lower GWFP Conductivity along the 1.8C isotherm from 

Deployments 1, 2, and 3. 
 

4.1.2. Background  
Conversation with Sea-Bird Instruments indicated that this is a previously identified problem 
and was first observed in Argo float data (Sea-Bird Application Note 97). The cause of the 
conductivity offset is fouling of the conductivity cell by the Tributyl Tin (TBT) antifouling 
capsule. Sea-Bird suggests that if the TBT capsule is not thoroughly dried before shipping, the 
TBT may leak from the capsule and may form a viscous film over the conductivity cell that 
interferes with the conductivity measurement. The film is gradually washed-away once the 
instrument is deployed. This explains the decaying exponential curve behavior in the offset. 
Additionally, the requirement that the TBT not be fully dried for this effect to occur explains the 
irregular occurrence.  

4.2. Interference Model 
We start by describing the conductivity measured by the GWFP as a simple equation where 
the observed conductivity at time t (𝐶!"#(𝑡)) is equal to the actual seawater conductivity 
(𝐶#$(𝑡)) plus the offset due to TBT interference (𝛥𝐶(𝑡)) and some independent measurement 
error (𝜀): 

Equation 1:   𝐶!"#(𝑡) = 	𝐶#$(𝑡) 	+ 	𝛥𝐶(𝑡) 	+ 	𝜀 

Based on the conversations with Sea-Bird, the offset in conductivity is likely a physical 
interference effect of the TBT antifouling agent and the magnitude of the interference is 
proportional to the thickness of the TBT film. Once the deployment starts, the conductivity cell 
is flushed with water which washes away the TBT film. Thus, the conductivity offset due to 
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TBT interference is largest at the start of the deployment and decreases in proportion to the 
flushing of the cell. We model the TBT interference and flushing as an exponential function: 

Equation 2:   𝛥𝐶(𝑡) 	= 	𝛾 ⋅ [𝑇𝐵𝑇]%𝑒('(/*)  

where [𝑇𝐵𝑇]% is the initial concentration of tributyltin on the conductivity cell, 𝛾 is a conversion 
factor which converts the TBT interference into a conductivity value (with units of S/m per unit 
of TBT), and 𝜏 is the flushing rate. We further simplify this into: 

Equation 3:   𝛥𝐶(𝑡) 	= 	𝛥𝐶%𝑒('(/*)  
 

Equation 3 describes a conductivity offset which is greatest at the start of a deployment and 
decreases exponentially as a function of the flushing rate until the offset is zero, when the TBT 
is completely flushed out of the conductivity cell. At this point the conductivity cell should be 
measuring the seawater conductivity with no interference from TBT. The point at which the 
TBT has been completely flushed can roughly be assumed to be when 𝑡 ≥ 	5𝜏 (𝛥𝐶(𝑡) ≤
	0.04%). 

We take the modeled interference of the TBT and 𝛥𝐶 offset and substitute it back into 
Equation 1 to get: 

Equation 4:   𝐶!"#(𝑡) = 	𝐶#$(𝑡) 	+ 	𝛥𝐶%𝑒('(/*) 	+ 	𝜀 

Equation 4 describes a time series of conductivity where, as 𝑡	 → ∞, the conductivity 
offset𝛥𝐶(𝑡) 	→ 0, and the measured conductivity converges on the expected seawater 
conductivity, plus some measurement error. Importantly, Equation 4 makes no claim as to the 
accuracy of the conductivity measurement, which must be verified independently using co-
located measurements, particularly ship-based observations. 
In the above equations, we can substitute salinity 𝑆 for conductivity 𝐶 depending on whether 
we want to just correct for the offset in the practical salinity or you want to recompute salinity 
using corrected conductivity. 

4.3. Methods 
Correcting for the salinity offset due to TBT interference requires several steps. First, the 
profiler salinity data should be binned by temperature. Since conductivity is highly sensitive to 
temperature, the conductivity and salinity corrections are done along isotherms to minimize 
the effect of temperature variations.  

4.3.1. Determination of Flushing Rate  
Next, the binned data is fitted with Equation 4 using Ordinary-Least-Squares with one 
modification, which is splitting the actual seawater conductivity 𝐶#$(𝑡) into two terms: a time 
dependent trend and a reference value. This results in the following equation which is fitted to 
the data: 

Equation 5:   𝐶!"#(𝑡) 	= 	𝐶% + 𝛼𝑡 + 𝛥𝐶%𝑒('(/*) 

The value for 𝜏 is calculated for each salinity time series at each isotherm throughout the 
profile. Then, we combine the separately calculated values for 𝜏 using a weighted average to 
get an estimate of the overall 𝜏.  With the value of 𝜏, we now correct for the conductivity offset 
using either the Gain Correction method recommended by Sea-Bird or by explicitly calculating 
the offset using the results of curve fitting using Equation 5. 
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4.3.2. Gain Correction  
As suggested by Sea-Bird, this method follows the approach explained in Sea-Bird’s 
Application Note 31. The gain correction equation is: 

(corrected salinity) = slope * (measured salinity) + offset 

We assume that the offset in the data is zero, since with enough time the observed salinity 
should converge on the actual seawater salinity. The slope is a correction-factor to correct for 
the offset due to the TBT interference: 

slope = (reference salinity) / (measured salinity) 

The most difficult decision is determining what the reference salinity should be. There are 
several options for estimating this. The first used here was to take the mean of the salinity 
after the apparent offset has disappeared, which can be which can assumed when 𝑡 ≥ 	5𝜏 
(𝛥𝐶(𝑡) ≤ 0.4%): 

(reference salinity) = 𝐶!"#(𝑡), 𝑡 > 5𝜏 
 

Next, we calculate the slope value at each time point 𝑡 using the calculated reference salinity 
and the measured salinity 𝐶!"#(𝑡). The resulting time series of slope values is subsequently 
smoothed using a centered running window; otherwise, all of the measurement error 𝜖 is 
removed from the time series.  
 
The measured salinity is multiplied with the time series of smoothed slope values to calculate 
the corrected salinity: 

𝐶,!--(𝑡) = 𝑠𝑙𝑜𝑝𝑒#.!!(/01 ⋅ 𝐶!"#(𝑡) 

This calculation is done separately for salinity at each isotherm, since the reference salinity is 
different throughout the profile. 
 
A second method for determining the reference salinity is to fit a regression, or other time-
varying trend, to the salinity observations where 𝑡 ≥ 5𝜏. For example, we can fit a linear 
regression the selected observations and solve for the slope 𝛼 and intercept 𝐶%: 

 𝐶!"#(𝑡 > 5𝜏) = 𝐶% + 𝛼𝑡 

Conveniently, the intercept 𝐶% is the reference salinity for calculating the slope for correction. 
Additionally, this approach preserves any potential salinity signal in the time series. 

4.3.3. Explicit Calculation of 𝛥𝐶(𝑡)  
In Section 4.3.1, when finding the best estimate of 𝜏, we also explicitly calculate the initial 
conductivity offset 𝛥𝐶%, as well as a trend 𝛼𝑡, and initial conductivity 𝐶%. The trend and initial 
conductivity can be used to apply the gain correction outlined in Section 4.3.2.  Alternatively, 
results from the curve-fitting using Equation 5 to explicitly calculate the offset 𝛥𝐶(𝑡). The 
values for 𝛥𝐶(𝑡) are subtracted from the measured salinity to calculate the corrected salinity: 

𝐶,!--(𝑡) = 𝐶!"#(𝑡) 	− 	𝛥𝐶(𝑡) 
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4.4. Example Salinity Correction 

4.4.1. Dataset  
Below, we step through each of the steps outlined in the methods above to correct an 
example GWPF salinity dataset for the observed salinity offset at the start of the vehicle’s 
deployment. We utilize data from the Global Station Papa Profiler Mooring Lower GWFP 
(reference designator: GP02HYPM-WFP03-04-CTDPFL000) Deployment #5 (2017-07-15 
21:25:00 to 2018-07-26 22:15:00). This dataset displays the characteristic salinity offset due 
to TBT interference at the start of the deployment that decreases exponentially throughout the 
deployment as the TBT is washed away from the conductivity cell (Figure 4-3). The WFP 
temperature ranged between 1.4914°C and 1.9194°C and pressure between 2167 dbar and 
4068 dbar. 
 

 
Figure 4-3 – GP02HYPM-WFP03-04-CTDPFL000 Deployment 5 practical salinity and conductivity 

time series along the 1.6°C, 1.7°C, and 1.8°C isotherms. 
 

4.4.2. Fitting the Flushing Rate  
We calculate the flushing rate 𝜏 for the salinity data at each isotherm, binning the data by 
0.001°C intervals. Best-fit values at the 1.8°C isotherm (1.7995°C - 1.8005°C) for the 
parameters are shown in Table 1 and the comparison of the fitted data using Equation 5 from 
the best fits with the observed salinity are shown in Figure 4-4. The weighted-mean of the 𝜏 
values for each isotherm is 2062328 ± 21528 seconds (or 23.87 ± 0.25 days). This indicates 
it takes slightly over 4 months for the profiler to flush at least 99.6% of the TBT fouling out of 
the conductivity cell. 
 

Table 4-1 – Best-fit parameter values for Equation 5 for the salinity data on the 1.8°C isotherm 

𝛥𝑪𝟎 (psu) 𝜏 (seconds) 𝛼 (psu/second) 𝑪𝟎 (psu) observations 

-0.1298±0.0003 2363052±11684 4.6648E-10±6.0E-12 34.5932±0.0001 3857 
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Figure 4-4 – The calculated curve using Equation 5 with the estimated parameters best fit 

compared with the observed salinity. The vertical line highlights the 𝟓𝛕 time point, where 𝚫𝐂 
should be less than 0.4% of the signal. 

 

4.4.3. Gain Correction  
The reference salinity for performing the gain correction is done using two methods. The first 
method calculates the reference salinity as the mean of the salinity observations where 𝑡 ≥
5𝜏. The second method uses a reference salinity that is accounts for a trend in the salinity 
data by selecting the salinity observations where 𝑡 ≥ 5𝜏, fitting a linear regression to the 
selected data, and setting the reference salinity as the intercept of the regression. The trend is 
added back in after correcting the salinity. As seen in Figure 5, the corrected salinity using the 
second approach more closely replicates the measured salinity after 5𝜏, where we expect the 
offset to be insignificant. 

 
Figure 4-5 – Gain correction to the original measured salinity (blue) along the 1.8°C isotherm 

with the gain correction using a reference salinity calculated as the mean salinity where 𝒕 ≥ 𝟓𝝉 
(red) and a reference salinity with a time-dependent trend fitted using a linear regression 

(green). 
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4.4.4. Explicit Calculation of 𝛥𝐶(𝑡)  
Finally, we test explicitly removing the estimated 𝛥𝐶(𝑡) from the measured salinity using the 
best-fit parameters calculated in Section 4.2. The corrected salinity time series is shown in 
Figure 4-6. Compared with the gain correction method, there is odder time series behavior 
near the beginning of the time series. This is because a single exponential does not perfectly 
fit the beginning of the curve. This is likely due to the sampling schedule of the profiler. The 
profiler takes a profile once every 20 hours, during which it actively samples. After completing 
a profile, the profiler stops sampling and waits for the next profile to begin. Thus, during each 
“waiting” period, the conductivity cell is not actively flushed with water, that is not perfectly 
modeled by a single exponential. If desired, a second exponential term may be added to 
Equation 5 to get: 

Equation 6:   𝐶!"#(𝑡) 	= 	𝐶% + 𝛼𝑡 + 𝛥𝐶%𝑒('(/*) + 𝛥𝐶!(/0-𝑒('(/*!) 

 

 
Figure 4-6 – Corrected salinity by subtracting explicitly calculated 𝜟𝑪 (orange) compared with 

the original measured salinity (blue) along the 1.8°C isotherm. 
 

5.0 Conclusion 
After stepping through several various methods of correcting the measured salinity for TBT 
interference, the gain correction method suggested by Sea-Bird, modified with a trend term, 
performs the best. As discussed in Section 4.4, it is possible to develop more complex models 
of the measured time series to correct the time series. Furthermore, the process outlined 
above does not attempt to assess the accuracy of the conductivity and salinity of the wire 
following profiler; OOI performs CTD casts and collects discrete water samples for bench-top 
salinity analysis at both the deployment and recovery of the profilers, which can be used to 
assess the accuracy of the measured salinity. Additionally, the oxygen concentration data 
product in [μmol/kg] from the GWFP oxygen sensors are affected by the drift and should also 
be recomputed using the mole concentration of oxygen [𝜇mol/L] with the corrected salinity 
data.  

 
 


